INTRODUCTION
High voltage cable termination is an important accessory to connect to other electrical equipment when high voltage cable lying. According to the structure and usages, it can be divided into many types, such as oil-filled cable termination, dry-type cable termination, GIS termination, outdoor cable termination and indoor cable termination [1] . For various types of cable terminations, silicone oil-filled cable termination is widely used, because it has a mature manufacturing process and the operating experience of many years. Research relevant characteristics silicone has been a hot topic for scholars [2] [3] [4] [5] [6] . However, during the operation of the cable line, electrical properties of the silicone oil within the termination are aging. The aging is due to oxygen, humidity, high temperature, a strong electric field and impurities and other external factors. The cable terminal runs longer, and then the aging degree of silicone oil will gradually increase. It will result in greatly reduced insulating properties of the silicone oil, thereby causing heating of the cable termination and dielectric breakdown [7] [8] [9] [10] [11] [12] . CIGRE B1 Working Group conducted a number of fault statistics for the period 2000-2005, the voltage level of 51kV-400kV cable termination [13] . The results showed that: there were 61 cable terminal failures, with performance degradation caused by the failure of the insulating oil. It is obvious that insulation properties of silicone oil within termination plays a very crucial role for the safe operation of the termination.
In China, Infrared imaging detection is an important method detecting the high-voltage (HV) power equipment running state [14] [15] [16] [17] [18] [19] [20] [21] . It is a kind of non-contact on-line measurement that can determine the HV power equipment running state, and find the fault position and predictive its future state. In the process of the infrared images analysis, the computer captures remote equipment's images, calculates images' moment invariants as characteristic vector of recognition, and recognizes power equipment by support vector machine (SVM). The system further analyzes images and if we find images have convex hull, intensive stochastic noise, or false edges, then we sequently make a conclusion whether the running state of equipment is in order [22] . In 2006, Guangzhou Power Supply Bureau detected 114 running cable terminations, using infrared thermal imaging device, and it was found to have abnormal heating phenomenon with 83 terminals. The abnormal heating cable terminations were out of operation and disintegration, and some serious insulation problems in the stress cone parts are observed. According to different fever degrees, the silicone oil was replaced, and hidden faults were eliminated [23] .
EXPERIMENTAL MATERIALS AND PROCE-DURE

CABLE TERMINATION FEVER
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Keywords: HV oil-filled cable terminal; silicone oil; aging; the infrared thermal imaging; the dielectric properties ber composite housing 220kV cable termination, which has been running for 12 years on site. From infrared imaging test results in Figure 1 and Table 1 , the temperature distribution of the LI01 termination shows high temperatures, especially at the bottom of cable termination, the temperature difference is 7.1 between the maximum temperature and the minimum temperature. The LI01 maximum temperature is 4.7 higher than LI02, and 4.5
higher than LI03 at the same position. The materials of the work were silicone oils, which were taken out from 220kV oil-filled cable terminations. The oil sample is shown in Figure 2 . The sample 0# was the same batch of purchasing silicon oil. It has been sealed for 12 years. The 1# was silicone inside the LI01 cable termination. The 2# was silicone inside the LI02 cable termination. The 3# was silicone inside the LI03 cable termination. Figure 1 shows that, samples #0, #1 and #2 were relatively clear, but sample #3 was translucent, and there was white floc at bottom of sample #3. 
INSULATION TESTS OF SILICONE OIL
Parameters on the electrical properties of the silicone oil sample (dielectric constant, loss tangent, volume resistivity, and breakdown strength), infrared spectrum and moisture content were measured. The standards and test equipment is shown in Table 2 . The sample container is thoroughly cleaned with alcohol before testing and replacement sample. Each test was performed three times at least, and the breakdown performance was performed six times. 
Infrared spectrum
Each sample was measured using Fourier infrared spectroscopy, and the test results are shown in Figure  3 . Comparing Figures 3 (a) -(d) we can see: (1) All samples was detected saturated C-H bond (-CH 3 ) stretching vibration at 2962 cm -1 and 2904cm -1 , and CH bond (-CH 3 ) bending vibration peak was detected at 1444 cm-1, 1413 cm -1 . There were significant groups of Si-CH 3 absorption peak at 1260, 1020, 800cm-1, Si-CH3 characteristic peaks bending vibration at 1261 cm-1; Si-O stretching vibration absorption peak at 1093 cm-1-1018cm -1 ; P-O-C and P-O stretching vibration absorption peak were taken overlap at 1000-1190cm
; Si-C stretching vibration absorption peak at 796 cm -1 . (2) Samples 0#, 2#, 3# at 2380cm -1 were detected to have a P-H stretching vibration absorption peak, while the sample #1 P-H stretching vibration absorption peak basically has disappeared at 2380cm -1 . Insulating oil in the cable termination was methyl silicone oil, which can be determined by infrared spectroscopy test results. In addition, it can be seen by comparing the infrared spectra of oil samples, new absorption peak did not occur in all segments, only sample 1# P-H stretching vibration at 2380 cm-1 absorption peak receded, which means that degradation
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05026-p.2 reaction of macromolecules containing P-H bond had occurred, the corresponding small molecule product was generated. The level changes of absorption peak in the local area may be caused by the change in molecular weight. Table 3 described the change between temperature and dielectric constant (ε), the loss tangent (tanδ), the volume resistivity (ρ v ) and breakdown field strength (E) of the sample. Compare the data in the table, dielectric constant and loss tangent values of sample 1# was larger, and then resistivity and breakdown field strength value was small. Especially when the temperature was 90 . Compared with 0#, dielectric constant and loss tangent of 1# significantly increased, and the resistance was significantly reduced, a difference of about two orders of magnitude, 2#, 3# resistivity decreased about one order of magnitude. In addition, 1#, 2# and 3# breakdown field strength was significantly lower than 0# breakdown field strength. Compared with 0#, at 30 , sample 1# breakdown field strength decreased 41.2% , sample 2# decreased 28.9%, sample 3# decreased 26.4%. At 90 , sample 1# breakdown field strength decreased 56.4%, sample 2# decreased 36.7%, sample 3# decreased 27.3%. 
Dielectric properties
DISCUSSION AND ANALYSIS
Infrared imaging
Cable terminations are voltage pyrogenic type equipment [24] . Its dielectric loss is the main source equipment, because dielectric loss is proportional to the square of the voltage. Such defects are more typical in the HV and EHV cable system. Because of effect under the alternating electric field, change the polarization direction of the oil molecules, so that energy was consumed in this process, causing the cable terminal fever. The resulting heating power is characterized by the formula can be used:
Where, U is the applied voltage; ω is the angular frequency of the alternating voltage; C is the equivalent capacitance of the material; tgδ is the tangent of the loss angle of the material. Accordingly, when the U and ω is a constant, C and tgδ determines the silicone oil heating power in the cable terminal. The capacitance C is proportional to the dielectric constant ε [25] , and then the relationship is established fever macro and micro parameters. The dielectric constant of sample 1# was more high 1.85% than sample 0# at 30 , and 6.75% at 90 . The loss tangent of sample 1# were 189% and 1854% higher than sample 0# at 30 and 90 . The dielectric properties change of the high voltage oil-filled cable termination was main reasons of fever.
Infrared spectrum
Samples 0#, 2#, 3# were P-H stretching vibration absorption peak at 2380 cm -1 by IR, but the chemical structure of methyl silicone P-H bond did not exist, where P-H bond was coming from is a mystery. Reference [26] pointed out that the presence of polymerization and equilibrium chemical reaction are both simultaneously during the synthesis of methyl silicone oil. Methyl silicone synthesis process is shown in Figure 4 . Commonly used in the polymerization reaction KOH as catalyst, choose a KOH catalyst with less, usually from 0.0005% to 0.01% of the amount of silicone. Equilibration reactions are generally used silicone phosphate as a neutralizing agent. Silicone phosphate and equilibrated reaction product has excellent compatibility, and phosphate is a three protonic acid, used to form potassium dihydrogen phosphate, dipotassium hydrogen phosphate and potassium phosphate with reaction KOH. The first two in the system may also play buffer role [27] . Thus it can be determined in IR P-H stretching vibration absorption peak due to the existence of silicone phosphate. There was not P-H stretching vibration absorption peak of the sample #1 at 2380 cm -1 , which may be due to the degradation of silicone phosphate polymer chain caused by high electric field and long-term aging. 
Dielectric properties
Dielectric constant and loss tangent reflect the polarization process of the material in the electric field effect. The larger the dielectric constant and loss tangent are, the stronger the degree of polarization of the material is. Thus, it can be determined, the larger the degree of polarization of the sample #1 is. This phenomenon may be caused by the following two aspects: (1) sample 1# silicone oil contains large amounts of water molecules, and the water molecules are polar small molecules, more easily ionized in the electric field which is applied, so that the polarization was increased; (2) Sample 1# in the cable termination operation for many years, silicone oil aging cracking, and macromolecular chain of polymer into smaller molecules chains, increases the dielectric constant and the loss tangent of sample 1#.
Resistivity and breakdown field strength is closely related to the carrier concentration and the amount of material. The lower resistivity and breakdown field strength of sample #1 is, described carrier (i.e., the conductive component) increase of sample, which may be due to silicone oil cracking of material from moisture and aging. The resistivity and the breakdown field strength of sample #1 is low, that indicating sample 1# appeared with aging also.
By analyzing the dielectric properties of all samples, we can conclude that sample 1# material has aged preliminarily. To further determine the causes of aging, we tested samples of moisture content. The test results were compared: sample 1# moisture content is 2.67 times sample 0#, sample 2# moisture content is 1.6 times sample 0#, sample 3 # moisture content is 1.49 times sample 0#. The water content in silicone oil increased, which not only increases polar molecule, resulting in dielectric properties decrease, andalso catalyzes silicone accelerated aging, which is shown in Figure 5 . Based on the Aging Characteristics of high-voltage silicone oil-filled cable termination, infrared imaging, infrared spectroscopy, dielectric properties, and moisture content tests can detect and react silicone oil aging characteristics inside cable termination from different angles, so they are important methods for detecting silicone oil aging characteristics.
Infrared imaging is a convenient application technology on site, and the detection result is more obvious and intuitive, able to reflect material changes in the macroscopic properties.
FTIR analysis can identify each group of silicone oil by corresponding characteristic absorption peaks and reflecting the silicone oil aging characteristics clearly. Silicone oil aging characteristic peaks is the PH bond stretching vibration near 2360cm -1 . There is not effect of Si-CH 3 bond, -CH 3 bond and Si-O-Si bond before and after aging.
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05026-p. 5 Compared with 30 , the dielectric properties test of silicone oil better reflect the differences performance changes at 90 . Changes in the dielectric properties of silicone oil are mainly caused by the presence of water molecules and the degradation of polymer materials. The moisture content test can intuitively reflect the content of the water molecules in silicone oil is to assess if the aging performance of silicone oil has certain advantages.
